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,QWURGXFWLRQ
7DNLQJLQWRFRQVLGHUDWLRQWKHFRPSOH[LW\RIWKHWUDQVSRUWQHWZRUNGHVLJQDQGGHYHORSPHQWSUREOHPIRUPXODWHG
DVDPDWKHPDWLFDORSWLPL]DWLRQWDVN WKHUHLVDODUJHDPRXQWRIOLWHUDWXUHGHEDWLQJWKLVWRSLFPHUJLQJWKHILHOGVRI
WUDQVSRUWDWLRQ VFLHQFH PDWKHPDWLFV JHRJUDSK\ FRQVLGHULQJ ERWK ILQDQFLDO SHUVSHFWLYH DQG VRFLRHFRQRPLF
SHUVSHFWLYH7KHGLIILFXOW\LQVROYLQJWKHSUREOHPFRQVLVWVLQWKHH[LVWHQFHRIDPXOWLWXGHRIYDULDEOHVDQGFRQVWUDLQWV
WKDWPXVWEHWDNHQLQWRFRQVLGHUDWLRQDQGWKXVOLPLWLQJWKHQXPEHURISRVVLEOHVROXWLRQVOHDGLQJWRHIILFLHQWPHWKRGV
WR ILQG UHVXOWV QHDU WKH RSWLPDO RQH UDQJLQJ IURP PDWKHPDWLFDOO\ EDVHG PHWKRGV VXFK DV EUDQFKDQGERXQG
WHFKQLTXHVWRKHXULVWLFUHVHDUFKDSSURDFKHV>@$OWHUQDWLYHDSSURDFKHVFDQEHIRXQGLQOLWHUDWXUHDQGFRQVLVWLQ
GHYHORSPHQW RI GHVLJQ PHWKRGRORJLHV V\VWHPDWLF VWHSZLVH SURFHGXUHV > @ WKXV DYRLGLQJ WKH OLPLWDWLRQV RI
RSWLPL]DWLRQ WHFKQLTXHV RUPHWKRGRORJLHV XVLQJ IRU VXSSRUW DUWLILFLDO LQWHOOLJHQFH RU NQRZOHGJHEDVHG WHFKQLTXHV
ZKHUHWKHGHVLJQHUKLPVHOIPDNHVWKHFKRLFHVKHFRQVLGHUVDSSURSULDWH
%DVLFDOO\ WZRGLIIHUHQW VLWXDWLRQVRI WKH WUDQVSRUWQHWZRUNGHYHORSPHQW SUREOHPFDQEH LGHQWLILHG ILUVWRQH 
GHYHORSLQJDQHZQHWZRUNIURPVFUDWFKLQWKLVFDVHDVHWRIQRGHVLVJLYHQDQGWKHWDVNLVKRZWKHVHQRGHVVKRXOGEH
FRQQHFWHGZLWKHLWKHUWUDQVSRUWVHUYLFHV>@DQGRUZLWKSK\VLFDOOLQNV>@VXFKDVDURDGRUUDLOQHWZRUN
DQGVHFRQGRQH±H[SDQGLQJ DQH[LVWLQJQHWZRUN LQWKLVFDVHQRWRQO\ LVDVHWRIDFFHVVQRGHVJLYHQEXWDOVRWKH
H[LVWLQJQHWZRUN7KHTXHVWLRQWKHQLVZKHWKHUWUDQVSRUWVHUYLFHVRUOLQNVVKRXOGEHDGGHGWRRUUHPRYHGIURPWKH
QHWZRUN>@RULIWKHFDSDFLW\RIH[LVWLQJVHUYLFHVRUOLQNVVKRXOGEHLQFUHDVHG>@
3UHVHQWVWXG\DLPVWRLGHQWLI\LQWKHFRQWH[WRIWKHFRPSOH[LW\QHHGHGWRDSSO\WKHRUHWLFDOSULQFLSOHVWRUHDOOLIH
LQIUDVWUXFWXUH GHYHORSPHQW VLWXDWLRQV UDQNLQJ SHUIRUPDQFH LQGH[HV FRUUHODWHG ERWKZLWK KLJKZD\ DQG KLJK VSHHG
UDLO
7KH SDSHU LV VWUXFWXUHG DV IROORZV ILUVW VHFWLRQ LV DQ LQWURGXFWLYH RQH  LQ WKH VHFRQG VHFWLRQ WKH PHWKRG RI
UHVHDUFKLVSUHVHQWHGDQGGLVFXVVHGWKHQLQWKHWKLUGVHFWLRQWKHFRPSDUDWLYHVWXG\LVSHUIRUPHGLQUHODWLRQPDLQO\
ZLWK VHOHFWHG ODQG LQIUDVWUXFWXUH VSDFH FRQVXPHV DQG ZLWK HQHUJ\ FRQVXPSWLRQ 7KHPDLQ ILQGLQJV FRQFOXGH WKH
SDSHUDQGSUDFWLFDOFRQVHTXHQFHVDUHXQGHUOLQHG
0HWKRGRIDQDO\VLVSHUIRUPHGLQGH[HVIRUWUDQVSRUWLQIUDVWUXFWXUHGHYHORSPHQW
$ NH\ GLIIHUHQFH EHWZHHQ SHUIRUPDQFH PHDVXUHPHQW LQ WKH VHUYLFH VHFWRU DQG SHUIRUPDQFH PHDVXUHPHQW LQ
WUDQVSRUWDWLRQLVWKDWWKHRYHUULGLQJPRWLYHLQWKHSULYDWHVHFWRULVSURILW,QWUDQVSRUWLQIUDVWUXFWXUHGHYHORSPHQWRQ
WKHRWKHUKDQGWKHSURFHVVLVVHOGRPJXLGHGE\SURILWPRWLYHDORQHEXWPXVWFRQVLGHUQXPHURXVRWKHUPRWLYHVVXFK
DVHTXLW\DQGH[WHUQDOHIIHFWV>@7UDQVSRUWQHWZRUNVHUYLFHSHUIRUPDQFHQRWRQO\FRQFHUQVWUDYHOTXDOLW\EXWDOVR
HYDOXDWHVDFFHVV WRGLIIHUHQW IDFLOLWLHVRQ WKHRWKHUKDQG LW LV LQWHJUDWHG LQDJOREDOPRELOLW\ V\VWHPFRQVLVWLQJ LQ
LQIUDVWUXFWXUHVPRGHVDQGVHUYLFHVHQVHPEOH
3HUIRUPDQFHLQGH[HVUROHLVWRFRPELQHDQGGLVWLOOYDULRXVPHDVXUHVSRWHQWLDOO\FRYHULQJPXOWLSOHGLPHQVLRQRU
JRDO DUHDV LQWR D VLQJOHPHDVXUH DQG WKH\ FDQ UHGXFH WKH FRPSOH[LW\ DQG YROXPH RI GDWD WKDWPXVW EH UHJXODUO\
PRQLWRUHG$VLQJOH± VXIILFLHQWSHUIRUPDQFH LQGH[FDQQRWEH LGHQWLILHG IRU WUDQVSRUW LQIUDVWUXFWXUHVEHFDXVH WKH\
DUH GHVLJQHG GHYHORSHG DQG RSHUDWHG WHFKQRORJLFDO LQ RUGHU WR VHUYH VRFLHW\¶V ZLGHU QHHGV $V D UHVXOW
LQIUDVWUXFWXUH SHUIRUPDQFH PXVW EH PHDVXUHG LQ WKH FRQWH[W RI VRFLHW\¶V REMHFWLYH IXOILOOPHQW DQG RI PXOWLSOH
GHFLVLRQDOIDFWRUV)URPWUDYHOOHUVSRLQWRIYLHZWKHUHFDQEHRXWOLQHGWKHVRFLHW\¶VREMHFWLYHVDQGWUDQVSRUWQHWZRUN
SHUIRUPDQFHLQGH[HVVKRZQLQ7DEOH
&RQFOXGLQJLWLVQHFHVVDU\DPXOWLFULWHULRQSHUIRUPDQFHVDVVHVVPHQWRIWUDQVSRUWLQIUDVWUXFWXUHVXVLQJLQGH[HV
WKDWDUHDEOH WR UHIOHFW VRFLHW\¶VZLGHU QHHGV WKDWFDQ VRPHWLPHVEHDQWDJRQLVWLF  6RPHSHUIRUPDQFH LQGH[HVDUH
VXLWDEOHRQO\IRUVSHFLILFVLWXDWLRQVZKLOHRWKHUVFDQEHH[WHQVLYHO\UHOHYDQW)RULQVWDQFH³JRRGUDWLRVRFLDOFRVW
TXDOLW\JXDUDQW\´LQGH[IURP7DEOHLVDV\QWKHWLFRQHGHVLJQHGRQPXOWLGHFLVLRQDOEDVHVDQGJLYHVDELJSLFWXUH
RQWUDQVSRUWQHWZRUNSHUIRUPDQFHDQGDOORZVG\QDPLFH[DPLQDWLRQVDQGFRPSDULVRQVWRRWKHUQHWZRUNV

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7DEOH3HUIRUPDQFHLQGH[HVFRUUHODWHGZLWKVRFLHW\¶VREMHFWLYHV
 6RFLRHFRQRPLFREMHFWLYHV 7UDQVSRUWQHWZRUNSHUIRUPDQFHLQGH[HV
$&&(66,%,/,7<LQDFHUWDLQDUHDWRDOOFLWL]HQVWKURXJKDQ
DGDSWHGWUDQVSRUWLQIUDVWUXFWXUH
6SDFHDFFHVVLELOLW\SURSRUWLRQDOZLWKQHWZRUNDFFHVVSRLQWV
QXPEHUDQGGLVWULEXWLRQWUDQVSRUWLQIUDVWUXFWXUHQHWZRUNDUHD
FRYHUDJH
02%,/,7< 5HODWLYHHQFRXQWHUHGPRYHPHQWGLIILFXOW\
(&2120,&'(9(/230(17 *RRGUDWLRVRFLDOFRVWTXDOLW\JXDUDQW\
,QVXUHWKDWV\VWHPIXQFWLRQLQJLVHFRQRPLFDODFFHSWDEOHIRUERWK
WUDYHOOHUVDQGFRPXQLW\
48$/,7<2)/,)( /LIHTXDOLW\GLQDPLFVRQORFDODQGJOREDOOHYHO
(19,5210(17$/$1'5(6285&(&216(59$7,21 (QYLURQPHQWDOGLQDPLFVRQORFDODQGJOREDOOHYHO
6$)(7< $FFLGHQWQXPEHUDQGJUDYLW\GLQDPLFV
23(5$7,21$/()),&,(1&< 3URGXFWLYHHIILFLHQF\H[SUHVVHGDVUDWLREHWZHHQLQSXWUHVRXUFHV
VSDFHHQHUJ\ILQDQFHVDQGRXWSXWUHVXOWVSDVVHQJHUNPVHDW
NPFRPPHUFLDOVSHHGHWF
&RPPHUFLDOHIILFLHQF\ZKHQUHVXOWVFRQFHUQSDVVHQJHUNP
LQFRPHVHWF
&RPSDUDWLYHVWXG\UHJDUGLQJVSDFHDQGHTXLYDOHQWHQHUJ\FRQVXPSWLRQFRQGXFWHGIRUWZRVXUIDFH
LQIUDVWUXFWXUHV
0DLQFKDUDFWHULVWLFVRIWUDQVSRUWQHWZRUNV
7ZRGLIIHUHQWFDWHJRULHVRIWUDQVSRUWQHWZRUNVDUHWREHWDNHQLQWRFRQVLGHUDWLRQZKHQDQDO\]LQJDFHUWDLQDUHD
>@ SK\VLFDO QHWZRUNV RU WUDIILF VHUYLFH QHWZRUNV VHHQ DV DQ DVVHPEO\ RI URDG UDLO ZDWHU RU RWKHU FRQVLGHUHG
LQIUDVWUXFWXUHVDQGWUDQVSRUWVHUYLFHQHWZRUNVVHHQDVDV\VWHPRIXWLOLWLHVWKDWDUHSURYLGHGE\EXVHVWUDLQVVKLSV
,WLVREYLRXVWKDWWUDQVSRUWVHUYLFHQHWZRUNLVFRQQHFWHGWRSK\VLFDOQHWZRUNVLQFHWKHVHFRQGRQHUHSUHVHQWVWKH
EDVHIRUWKHILUVWRQH,I IRUSULYDWHWUDQVSRUWVHDPVVXIILFLHQWWRFKDUDFWHUL]HWKHSK\VLFDOQHWZRUNWKHQIRUSXEOLF
WUDQVSRUWLWLVFRPSXOVRU\WRFKDUDFWHUL]HWKHVHUYLFHQHWZRUNLQRUGHUWRDQDO\]HWKHIXOILOOHGGHJUHHRIPRELOLW\
,I ZH DQDO\]H WUDQVSRUW QHWZRUN IURP WKH WUDYHOOHU¶V SRLQW RI YLHZ WUDYHO FRVWV DQG WUDYHO WLPH DUH WKH PRVW
UHOHYDQWIHDWXUHV7KLVWZRDWWULEXWHVDUHGLUHFWO\GHWHUPLQHGE\QHWZRUNFKDUDFWHULVWLFVVXFKDV
 6SDFHDFFHVVLELOLW\GHSHQGLQJRQWKHQHWZRUNDFFHVVSRLQWVQXPEHUDQGWKHLUGLVWULEXWLRQ
 7LPHDFFHVVLELOLW\ZKLFKLVXVXDOO\FRQVLGHUHGWREHXQOLPLWHGIRUSULYDWHWUDQVSRUWURDGVXSSRUWHGDQGRQ
FRQWUDU\IRUSXEOLFWUDQVSRUWUDLOVXSSRUWHGWKHWLPHDFFHVVLELOLW\LVV\QWKHWLFDOO\GHVFULEHGE\WLPHWDEOHV
 1HWZRUN VSHHG WKH DYHUDJH VSHHGZKLOH WUDYHOOLQJRQ WKH QHWZRUNZKLFK LV GHWHUPLQHGE\ WKHQHWZRUN
VWUXFWXUHDQGWKHGHVLJQVSHHGEXWDOVRGHSHQGLQJRQWUDIILFYROXPHRQHDFKOLQN

,IZHDQDO\]HWUDQVSRUWQHWZRUNIURPWKHILQDQFLHU¶VDQGWKHRSHUDWRU¶VSRLQWRIYLHZFRVWVDUHWKHPRVWUHOHYDQW
IHDWXUHV7KHPRVWLPSRUWDQWDQGZHOONQRZQDUH
 ,QYHVWHGFDSLWDOFRQVLVWLQJLQH[SHQVHVIRUEXLOGLQJWKHSK\VLFDOQHWZRUNSURSRUWLRQDOZLWKLQIUDVWUXFWXUH
W\SHUDLOURDGZDWHU
 0DLQWHQDQFH FRVWV SURSRUWLRQDO WR WKH OHYHO RI SHUIRUPDQFH LPSRVHG RQ WKH LQIUDVWUXFWXUH DQG ZLWK
LQIUDVWUXFWXUH¶VDJH
 2SHUDWLQJFRVWV WKHVHFRVWVDUHHVSHFLDOO\UHODWHGWRWUDQVSRUWVHUYLFHQHWZRUNVDQGLQFOXGHFRVWVVXFKDV
RSHUDWLQJWKHYHKLFOHVSURSRUWLRQDOZLWKWKHTXDOLW\RIVHUYLFHRIIHUHG
7LPHDFFHVVLELOLW\DQGRSHUDWLQJFRVWVDUHGLUHFWO\FRQQHFWHGWRWUDQVSRUWVHUYLFHQHWZRUNZKLOHLQYHVWPHQWDQG
PDLQWHQDQFHFRVWVDUHPRVWO\FRQQHFWHGWRSK\VLFDOQHWZRUN(VSHFLDOO\LQSXEOLFWUDQVSRUWVHUYLFHVZLWKGHGLFDWHG
LQIUDVWUXFWXUHVVXFKDVKLJKVSHHGUDLOWKHVHFRVWVEHFRPHDQLVVXHWKDWQHHGVWREHFRQVLGHUHG
7ZR PRUH FKDUDFWHULVWLFV DUH IUHTXHQWO\ XVHG DV GHFLVLRQDO YDULDEOHV LQ WUDQVSRUW QHWZRUNV GHVLJQ DQG
GHYHORSPHQWSURFHVVLQIUDVWUXFWXUHFDSDFLW\DQGFRQQHFWHGRSHUDWLRQDOWHFKQRORJLHV
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&DSDFLW\ EHFRPHV DQ LPSRUWDQW IHDWXUH ZKHQ SK\VLFDO LQIUDVWUXFWXUH QHWZRUN LV QR ORQJHU DEOH WR VDWLVI\ WKH
GHPDQGDWDTXDOLW\OHYHOFRQVLGHUHGVXIILFLHQWOHYHOWKDWLVPRVWRIWKHWLPHGLUHFWO\FRQQHFWHGWRH[SHFWHGWUDYHO
WLPH7KHUHIRUHFDSDFLW\RIWKHQHWZRUNRURILWVHOHPHQWVVKRXOGEHVXFKFKRVHQWRJXDUDQWHHWKHH[SHFWHGTXDOLW\
OHYHODQGQHWZRUNVSHHG
&RQQHFWHGRSHUDWLRQDOWUDQVSRUW WHFKQRORJ\FDQEHFRQVLGHUHGDQRWKHUQRWLFHDEOH IHDWXUHRIDWUDQVSRUWV\VWHP
HVSHFLDOO\ RQ SXEOLF WUDQVSRUW VHUYLFHV EHFDXVH WHFKQRORJLHV WR VRPH H[WHQW GHWHUPLQH WKH IXQGDPHQWDO
FKDUDFWHULVWLFVRIDWUDQVSRUWLQIUDVWUXFWXUH

&DSDFLW\HYDOXDWLRQ

3UDFWLFDODVSHFWVRIWKHWKHRUHWLFDODSSURDFKSUHYLRXVO\SUHVHQWHGDUHUHYHDOHGLQWKHFRPSDUDWLYHVWXG\UHJDUGLQJ
VSDFHDQGHTXLYDOHQWHQHUJ\FRQVXPSWLRQWKDWLVFRQGXFWHGIRUWZRVXUIDFHLQIUDVWUXFWXUHVRQHIRUKLJKZD\DQGRQH
IRUKLJKVSHHGUDLOFRQQHFWLQJWKHVDPHRULJLQDQGGHVWLQDWLRQSRLQWV7KLVFRPSDUDWLYHVWXG\LVSRVVLEOHEHFDXVH
QRZDGD\V OLPLWDWLRQV LQGHVLJQSKDVHFRQFHUQLQJPLQLPDOYDOXHVUDGLXVYDOXHV UDGLXV OHQJWKVPLQLPDOGLVWDQFH
EHWZHHQ WZR VXFFHVVLYH FXUYHV DQG PD[LPDO YDOXHV ORQJLWXGLQDO JUDGLHQW EHFDPH FRQVLVWHQW DQG DOORZV
WKHRUHWLFDOGHYHORSPHQWVRIFRPPRQSODWIRUPVIRUKLJKZD\DQGKLJKVSHHGUDLO
&DSDFLW\DQGWUDIILFIORZHYDOXDWLRQIRUHDFKRIWKHLQIUDVWUXFWXUHVLQGLIIHUHQWRSHUDWLRQDOFRQGLWLRQVUHJDUGLQJ
RUJDQL]DWLRQSURFHVVOHDGVWRFRPSXWDWLRQRIDVSHFLILFVSDFHLQGH[
,QWKLVVWXG\ZHFRQVLGHUWKHFDVHRI+LJK6SHHG5DLOLQIUDVWUXFWXUHXVHGH[FOXVLYHO\IRUSDVVHQJHUVHUYLFHV
NP ORQJ DQG D  NPKPD[LPXP FRPPHUFLDO VSHHGZLWK DGHTXDWH VORSHV QRW H[FHHGLQJ  WR  DQG
FXUYDWXUHUDGLLNPUDGLXVIRUKRUL]RQWDOFXUYHVDQGNPUDGLXVIRUYHUWLFDOFXUYHVDQGYHU\IHZVWDWLRQVDERXW
RQHHYHU\NPWULJJHUDFFHOHUDWLRQRIPVDQGPD[LPDOGHFHOHUDWLRQRIPV)RUWKHVHFRQGLWLRQVURXWH
FDSDFLW\PD[LPXPWUDIILFIORZSHUVLQJOHWUDFNLVHYDOXDWHGIRUDKRPRJHQRXVWUDIILFXVLQJDQDO\WLFDOGHWHUPLQLVWLF
PRGHODWWUDLQSDLUVSHUGD\
2QHRIWKHSUREOHPVHQFRXQWHUHGLQWKHGHYHORSPHQWRIWUDLQV\VWHPLVWRGHWHUPLQHDWUDLQFRQILJXUDWLRQWKDWFDQ
VDWLVI\ WKH JLYHQ GHVLJQ WDVN 7KHUH DUH VRPH VXJJHVWLRQV RI WUDLQ V\VWHP FRQILJXUDWLRQ SURSRVHG DQG WKH\ DUH
HYDOXDWHG ERWK TXDOLWDWLYH DQG TXDQWLWDWLYH XVLQJ FULWHULRQV VKRZQ LQ 7DEOH  :H FRPSDUHG VLJQLILFDQW
FKDUDFWHULVWLFV RI WKUHH WUDLQ FRQILJXUDWLRQV LQFOXGLQJ WUDLQ ZHLJKW WKH QXPEHU RI SDVVHQJHU SHU FRQILJXUDWLRQ
HQHUJ\FRQVXPSWLRQSHUSDVVHQJHUWUDYHOWLPHD[OHORDGXQVSULQJPDVVDQGDYDLODEOHDGKHVLRQFRHIILFLHQW
7DEOH5HYLHZHGLWHPVIRUSURSRVLQJDWUDLQFRQILJXUDWLRQ
&ULWHULRQVIRUWUDLQGHVLJQ 'HVLJQWDUJHW
0D[LPXPVSHHG .PK
7UDYHOWLPH ZLWKLQPLQXWHV
5LGHTXDOLW\ 6DPHOHYHOZLWK7*9.
(QHUJ\FRQVXPSWLRQ 6DPHOHYHOZLWK7*9.
(QYLURQPHQWDOHIIHFW 6DPHOHYHOZLWK7*9.
3DVVHQJHUQXPEHU SDVVHQJHUV
$GDSWDELOLW\RIWUDLQFRQILJXUDWLRQ 7UDLQV\VWHPDGDSWDEOHWRLQWHUQDWLRQDOPDUNHWLQIXWXUH
&RVWV /LIHF\FOHFRVW,QLWLDOFRVWV&RVWVPDQDJHPHQW
&RQVLGHULQJ WKDW FDSDFLW\ IRU VHOHFWHG WUDLQ FDSDFLW\ LV RI  SDVVHQJHUVPD[LPXP WUDQVSRUW FDSDFLW\ RI WKH
URXWHLVSDVVHQJHUVSHUGD\
)RUPRVWRI(XURSHDQFRXQWULHVDPHGLXPKLJKVSHHGWUDLQRFFXSDQF\UDWHRI>@LVFRQVLGHUHGWREHTXLWH
DKLJKYDOXHVRLIZHDSSO\LWWRSUHYLRXVUHVXOWVLWOHDGVWRDSDVVHQJHUWUDIILFIORZRISDVVHQJHUVSHUGD\IRU
KRPRJHQRXVKLJKVSHHGUDLOWUDIILF
&RQVHTXHQWO\ZHFRQVLGHU WKHFDVHRIDKLJKZD\NP ORQJDQGDNPKPD[LPXPFRPPHUFLDO VSHHG
FRQQHFWLQJ WKH VDPHRULJLQ DQGGHVWLQDWLRQSRLQWV DV WKHKLJK VSHHG UDLO LQIUDVWUXFWXUH ORFDWHG LQ OHYHO RU UROOLQJ
WHUUDLQHDFKGLUHFWLRQDOVHJPHQWRIWZRODQHPZLGHPGLVWDQFHWRDODWHUDOREVWDFOH&FDWHJRU\/26ZLWK
KRPRJHQHRXVFURVVVHFWLRQVDQGUHODWLYHO\FRQVWDQWGHPDQGYROXPHDQGYHKLFOHPL[ 
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)RUWKHVHFRQGLWLRQVURXWHGHVLJQHGFDSDFLW\46FWUDIILFIORZIRUVHOHFWHG&OHYHORIVHUYLFHLVHYDOXDWHGDW
SDVVHQJHUFDUHTXLYDOHQWKRXUOHDGLQJWRDYDOXHRISDVVHQJHUFDUHTXLYDOHQWGD\)RUHVWLPDWLRQRIWKHYDOXH
RIPHGLXPDQQXDOO\IORZUDWH46FPXVWEHDGMXVWHGLQRUGHUWRDSSO\WKHHIIHFWRIGLUHFWLRQDOGLVWULEXWLRQRIWUDIILF
DQGRISHDNKRXUIDFWRUOHDGLQJWRDYDOXHRISDVVHQJHUFDUHTXLYDOHQWGD\
)RUPRVWRI(XURSHDQFRXQWULHVDPHGLXPSDVVHQJHUFDURFFXSDQF\UDWHRI>@VRLIZHDSSO\LWWRSUHYLRXV
UHVXOWV LW OHDGVWRDSDVVHQJHUWUDIILFIORZRI SDVVHQJHUVSHUGD\IRUKLJKZD\UHODWLYHO\FRQVWDQW YHKLFOH
PL[WUDIILF
3UHYLRXVO\ ZH REWDLQHG UHVXOWV FRQFHUQLQJ GDLO\ SDVVHQJHU WUDIILF IORZ YDOXHV RQ VHOHFWHG HTXLYDOHQW VXUIDFH
LQIUDVWUXFWXUHV D KLJK VSHHG UDLO DQG D KLJKZD\ ERWK FRQQHFWLQJ WKH VDPH RULJLQ DQG GHVWLQDWLRQ SRLQWV
&RUUHVSRQGLQJWRHDFKW\SHRILQIUDVWUXFWXUHZHFDQLGHQWLI\DVWDQGDUGFURVVVHFWLRQZLGWKVHH7DEOHWKDWDOORZV
XVWRFRPSXWHDVSHFLILFVSDFHLQGH[DSHUIRUPDQFHPHDVXUHWKDWFKDUDFWHUL]HVKRZKLJKVSDFHFRQVXPLQJDVXUIDFH
LQIUDVWUXFWXUHLV
7DEOH5HYLHZHGLWHPVIRUVSHFLILFVSDFHLQGH[FDOFXODWLRQ
6XUIDFHLQIUDVWUXFWXUHW\SH 6WDQGDUGFURVVVHFWLRQZLGWKP
0HGLXPSDVVHQJHUWUDIILF
IORZSDVVHQJHUFDU
HTXLYDOHQWGD\
6SHFLILFVWDWLFVSDFH
LQGH[PSDVVHQJHU
+LJKVSHHGUDLO   
+LJKZD\   
(TXLYDOHQWHQHUJ\FRQVXPSWLRQHYDOXDWLRQ
)LQDOHQHUJ\FRQVXPSWLRQLVWKHPRVWLPSRUWDQWNH\ILJXUHIRUWKHFDOFXODWLRQRIWRWDOHQHUJ\FRQVXPSWLRQDQG
HQHUJ\ UHODWHG HPLVVLRQV RI WUDQVSRUW )RU WKH IROORZLQJ FDOFXODWLRQ VWHSV ILQDO HQHUJ\ FRQVXPSWLRQ PXVW EH
GLIIHUHQWLDWHGIRUHDFKHQHUJ\FDUULHUEHFDXVHGLIIHUHQWVHWVRIHPLVVLRQ IDFWRUVDQGXSVWUHDPHQHUJ\FRQVXPSWLRQ
KDYH WR EH FRQVLGHUHG IRU HDFK HQHUJ\ FDUULHU&DOFXODWLRQ GHSHQGV RQ YDULRXV IDFWRUV LQ SDUWLFXODU LW VKRXOG EH
SRLQWHG RXW WKDW ILQDO HQHUJ\ FRQVXPSWLRQ SHU SDVVHQJHU IRU UDLO DQG URDG LV GLUHFWO\ GHSHQGHQW RQ FDSDFLW\
XWLOL]DWLRQDQGWKXVWKHGHQRPLQDWRURIWKHHTXDWLRQ

 8&
&)(&)(
X
LNP
LNPSDVVHQJHU  




&)(SDVVHQJHUNPL 5HSUHVHQWVILQDOHQHUJ\FRQVXPSWLRQSHUSDVVHQJHUNPIRUHDFKHQHUJ\FDUULHULLQ0-SDVVHQJHUNP
L LQGH[IRUHQHUJ\FDUULHUHJGLHVHOHOHFWULFLW\+)2
&)(NPL ILQDOHQHUJ\FRQVXPSWLRQRIYHKLFOHSHUNPQRUPDOO\GHSHQGVRQVHDWQXPEHUUHODWHGFDSDFLW\XWLOL]DWLRQLQ0-NP
&X SD\ORDGFDSDFLW\LQSDVVHQJHU
8 FDSDFLW\XWLOL]DWLRQLQ
,Q PRVW HXURSHDQ FRXQWULHV IRU UDLO HQHUJ\ FRQVXPSWLRQ FDOFXODWLRQ D SDVVHQJHU NLORPHWUH ZHLJKWHG DYHUDJH
YDOXHIRUHDFKVHUYLFHW\SHLVXVHG7KHVHYDOXHVLQFOXGHWKHDYHUDJHFRXQWU\DQGVHUYLFHW\SHVSHFLILFORDGIDFWRUV
DQG DUH XVHG DV VWDQGDUG IRU WKH HPLVVLRQ FDOFXODWLRQ >@ )RU WKHPRGHO IHDWXUH RIPD[LPXP XOWLOL]DWLRQ  WKH
VSHFLILF HQHUJ\ YDOXHV SHU VHDWNP FRQVLGHULQJ D ORDG IDFWRU RI  DUH XVHG7KH VSHFLILF HQHUJ\ FRQVXPSWLRQ
YDOXHVSUHVHQWHGLQ7DEOHDUHGHULYHGIURPWKH8,&(QHUJ\'DWDEDVHIRUWKH\HDU8,&
)RUWKHMRXUQH\ZLWKSDVVHQJHUFDUVLWLVQHFHVDU\WRGHILQHGLIIHUHQWYHKLFOHW\SHVFRQVLGHULQJIRORZLQJFULWHULDV
HPLVVLRQVWDQGDUGV&RQYHQWLRQDO(XUR(XUR(XUR(XUR(XURHQHUJ\JDVROLQHGLHVHO/3*+\EULG
VL]H &RPSDFW FODVVO0HGLXP VL]HG FODVV O /X[XU\ FODVV!O DQG ORDG IDFWRU DYHUDJHSHUVRQVRU
YDULDWLRQV IURP WRSHUVRQV(QHUJ\ FRQVXPSWLRQ DQG HPLVVLRQVRI SDVVHQJHU FDUV DUHGLIIHUHQW IRU HDFK URDG
FDWHJRU\KLJKZD\UXUDOXUEDQLQFOXGHWKHH[WUDHPLVVLRQVIRUFROGVWDUWDQGHYDSRUDWLRQ$VVXPSWLRQVOLVWHGLQ
7DEOHDUHPDGHIRUDOOSDUDPHWHUZLWKLQIOXHQFHRQWKHHQHUJ\DQGHPLVVLRQYDOXHVRISDVVHQJHUFDUV>@
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7DEOH$YHUDJHYDOXHVIRUVSHFLILFHQHUJ\FRQVXPSWLRQRI(XURSHDQWUDLQVVRXUFH>@
$YHUDJH
(OHFWULF:K3DVVHQJHUNP 'LHVHOJSDVVHQJHUNP
+LJKVSHHG ,QWHUFLW\ 5HJLRQDO6XEXUEDQ ,QWHUFLW\ 5HJLRQDO6XEXUEDQ
    
$YHUDJH
(OHFWULF:KVHDWNP 'LHVHOJVHDWNP
+LJKVSHHG ,QWHUFLW\ 5HJLRQDO6XEXUEDQ ,QWHUFLW\ 5HJLRQDO6XEXUEDQ
    
7DEOH3DUDPHWHUVHWWLQJVIRUWKHHVWLPDWLRQRIURDGHQHUJ\FRQVXPSWLRQDQGHPLVVLRQIDFWRUV
3DUDPHWHU 9DOXHV
+LJKZD\DYHUDJHVSHHGNPK 
0LOHDJHGHJUDGDWLRQ
0HDQIOHHWPLOHDJH(XURNP


$GGLWLRQDOHPLVVLRQVIRUFROGVWDUWDQGHYDSRUDWLRQRQFRQJHVWHGURDGV 
)XHO&RQVXPSWLRQ 
12[*DVROLQH 
12;'LHVHO 
5HJDUGLQJHTXLYDOHQWHQHUJ\FRQVXPSWLRQFRPSDULVRQIRU WKH +LJK6SHHG5DLO LQIUDVWUXFWXUHXVHGH[FOXVLYHO\
IRUSDVVHQJHU VHUYLFHVNP ORQJDQGDNPKPD[LPXPFRPPHUFLDO VSHHGDQG WKHKLJKZD\LQIUDVWUXFWXUH
NPORQJDQGDNPKPD[LPXPFRPPHUFLDOVSHHGFRQQHFWLQJWKHVDPHRULJLQDQGGHVWLQDWLRQSRLQWVDVWKH
KLJK VSHHG UDLO LQIUDVWUXFWXUH ZH H[SORUHG WKH FHQWUDO (XURSHDQ WUDQVSRUW QHWZRUN DQG VHOHFWHG WKHPDLQ RULJLQ
GHVWLQDWLRQQRGHV WKDWDUHFRQHFWHGZLWKD KLJK VSHHG UDLO DQGDKLJKZD\VLPLODU LQ OHQJKWVDQG WUDYHOFRQGLWLRQV
ZLWK WKH RQHV SURSRVHG IRU WKLV VWXG\8VLQJ(FR3DVVHQJHU SODWIRUPZHZHUH DEOH WR HYDOXDWH HTXLYDOHQW HQHUJ\
FRQVXPSWLRQSUHVHQWHGLQ7DEOH
7DEOH(TXLYDOHQWHQHUJ\FRQVXPSWLRQIRUVHOHFWHGQHWZRUN
5RXWH +LJKVSHHGUDLOOSDVVHQJHUNP +LJKZD\OSDVVHQJHUNP
/RQGUD/LOOH  
/LOOH3DULV  
/LOOH%UXVVHOV  
3DULV%UXVVHOV  
%UXVVHOV$PVWHUGDP  
%UXVVHOV&RORJQH  
$PVWHUGDP&RORJQH  
&RORJQH)UDQNIXUW  
6WXWWJDUW6WUDVERXUJ  
6WUDVERXUJ±%DVHO  
3DULV6WUDVERXUJ  
,QIUDVWUXFWXUHSURSRVHGIRUWKLVVWXG\  
)RUWKHHQWLUHVHOHFWHGQHWZRUNZLWKQRH[FHSWLRQHTXLYDOHQWHQHUJ\FRQVXPSWLRQIRUKLJKVSHHGUDLOXWLOL]DWLRQ
LVVXEVWDQWLDOO\ORZHUWKDQIRUKLJKZD\DVVKRZQLQ)LJXUH 
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
)LJ(TXLYDOHQWHQHUJ\FRQVXPSWLRQFRPSDULVRQIRUKLJKVSHHGUDLODQGKLJKZD\LQIUDVWUXFWXUHLQOSDVVHQJHUNP
0DLQILQGLQJV
$VDUHVXOWIURPSURSRVHGFRPSDUDWLYHVWXG\UHJDUGLQJVSDFHDQGHTXLYDOHQWHQHUJ\FRQVXPSWLRQFRQGXFWHGIRU
WZR VXUIDFH LQIUDVWUXFWXUHV FRQQHFWLQJ WKH VDPH RULJLQ DQG GHVWLQDWLRQ SRLQWV WKH OHVV VSDFH FRQVXPLQJ
LQIUDVWUXFWXUH LV UDLO RSHUDWHG IRU KLJK VSHHG WUDLQ KRPRJHQHRXV WUDIILFZLWK VSHFLILF  VWDWLF VSDFH LQGH[
PSDVVHQJHU LI KLJK VSHHG WUDLQV DUHPL[HGZLWKRWKHU WUDLQ FDWHJRULHV XVLQJ WKH VDPH LQIUDVWUXFWXUH WKDQ URXWH
FDSDFLW\IDOOVWRWKHSRLQWZKHUHUDLOLQIUDVWUXFWXUHLVQRORQJHUFRPSHWLWLYHZLWKKLJKZD\LQIUDVWUXFWXUHZLWKVWDWLF
VSDFHLQGH[PSDVVHQJHULQUHVSHFWZLWKVSDFHFRQVXPH(YDOXDWHGHTXLYDOHQWHQHUJ\FRQVXPSWLRQKDVWKH
YDOXH RI   OSDVVHQJHU NP  IRU KLJK VSHHG UDLO XWLOL]DWLRQ DQG   OSDVVHQJHU NP  IRU KLJKZD\
XWLOL]DWLRQVRDOPRVWGRXEOHIRUURDGLQIUDVWUXFWXUH
)RU WKH VXEVWDQWLDWHG FKRLFH RI ORQJ GLVWDQFH SDVVHQJHU KLJK VSHHG LQIUDVWUXFWXUH GHYHORSPHQW DGHTXDWH IRU
HIILFLHQWUHVRXUFHVFRQVXPHDVVSDFHHQHUJ\DQGILQDQFHVZHFDQDOVRDGGWRWKHUHVXOWVREWDLQHGLQWKLVVWXG\FRVW
YDOXHV IRUEXLOGLQJDQGPDLQWDLQLQJVHOHFWHGVXUIDFH LQIUDVWUXFWXUH6RXUFHGDWD  ,QWHUQDWLRQDO(QHUJ\$JHQF\RQ
8,&,5)DQG,7)SUHVHQWHGLQ7DEOH
7DEOH5HYLHZHGLWHPVIRUVXEVWDQWLDWHGFKRLFHRIORQJGLVWDQFHSDVVHQJHUKLJKVSHHGLQIUDVWUXFWXUHGHYHORSPHQW
6XUIDFHLQIUDVWUXFWXUH
W\SH
6SHFLILFVWDWLFVSDFH
LQGH[PSDVVHQJHU
(TXLYDOHQWHQHUJ\
FRQVXPSWLRQ
OSDVVHQJHUNP
,QYHVWHGFDSLWDO
PLOHXURNP
,QIUDVWUXFWXUH
PDLQWHQDQFHFRVWV
RILQYHVWHGFDSLWDO
+LJKVSHHGUDLO   ± ±
+LJKZD\    
3URSRVHG PHWKRGRORJ\ FRQFHUQLQJ WUDQVSRUW LQIUDVWUXFWXUH DVVHVVPHQW LQ RUGHU WR GHILQH REMHFWLYHV DQG WR
HVWDEOLVKVSHFLILFFULWHULDXVHGIRUVHOHFWLRQRIWKHPRVWDSSURSULDWHWUDQVSRUWPRGHLQDVSHFLILFDUHDFRQVLVWVLQD
VHW RI SHUIRUPDQFH LQGLFHV WKDW DUH FDOFXODWHG IRU WZR FRQFXUUHQW VXUIDFH LQIUDVWUXFWXUHV DQG WKHLU FRQQHFWHG
RSHUDWLRQDOWHFKQRORJLHV:HDSSOLHGWKHPLQDPXOWLFULWHULDGHFLVLRQDQDO\VLVPHWKRGWKDW OHDGVWRUDQNLQJJLYHQ
LQIUDVWUXFWXUHV ,Q WKH FRQWH[W RI WKH FRPSOH[LW\ QHHGHG WR DSSO\ WKHRUHWLFDO SULQFLSOHV WR UHDO OLIH LQIUDVWUXFWXUH
GHYHORSPHQWVLWXDWLRQVDOWKRXJKERWKKLJKZD\DQGKLJKVSHHGUDLOKDYHWKHLUEHQHILWVDQGFRVWVKLJKVSHHGUDLOLV
UHFRPPHQGHGDVDVXVWDLQDEOHGHYHORSPHQWDFWLRQUDQNLQJEHWWHUWKDQKLJKZD\LQIUDVWUXFWXUH
7KHUHVXOWVIURPSUHVHQWVWXG\DQGWKHPHDVXUHPHQWVZHREWDLQHGIURPSUDFWLFHFRQFOXGHRXUUHFRPPHQGDWLRQ
LQ IDYRU RI KLJK VSHHG UDLO GHYHORSPHQW DV D VXEVWDQWLDWHG FKRLFH IRU ORQJ GLVWDQFH SDVVHQJHU VXUIDFH WUDQVSRUW
LQIUDVWUXFWXUH H[SDQVLRQ DOWKRXJK  UHDOLW\ VKRZV WKH RSSRVLWH HVSHFLDOO\ LQ 6RXWK (DVW SDUW RI (XURSH DQG WKH
HPHUJLQJFRXQWULHVZKHUHKLJKZD\LQIUDVWUXFWXUHGHYHORSPHQWDSSHDUVWREHKHDGZD\
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7KH GHVLJQ DQG IXWXUH GHYHORSPHQW SUREOHP WKHQ LV WR FRQVWLWXWH D QHWZRUN WKDW EDODQFHV WKHVH WZR RSSRVLQJ
REMHFWLYHVFRQIOLFWEHWZHHQ WUDYHOOHU¶VDQG WKH LQYHVWRURURSHUDWRU¶VSHUVSHFWLYHV >@ WKH WUDYHOOHUSUHIHUVGLUHFW
FRQQHFWLRQVEHWZHHQDQ\RULJLQDQGGHVWLQDWLRQDQG LI WLPHDFFHVVLELOLW\DOVRSOD\VD UROH DW DQ\ WLPHZKLOH WKH
LQYHVWRURURSHUDWRUIDYRUVDPLQLPDOQHWZRUNLQVSDFHDQGLQWLPHWKXVUHGXFLQJDOOFRVWIDFWRUV
$FNQRZOHGJHPHQW
7KHZRUNKDVEHHQIXQGHGE\WKH6HFWRUDO2SHUDWLRQDO3URJUDPPH+XPDQ5HVRXUFHV'HYHORSPHQW
RIWKH0LQLVWU\RI(XURSHDQ)XQGVWKURXJKWKH)LQDQFLDO$JUHHPHQW326'586
5HIHUHQFHV
>@0DJQDQWL7/:RQJ571HWZRUNGHVLJQDQGWUDQVSRUWDWLRQSODQQLQJPRGHOVDQGDOJRULWKPV7UDQVSRUWDWLRQ6FLHQFH
>@<DQJ+%HOO0*0RGHOVDQGDOJRULWKPVIRUURDGQHWZRUNGHVLJQDUHYLHZDQGVRPHQHZGHYHORSPHQWV7UDQVSRUW5HYLHZV

>@9DQ1HV5'HVLJQRIPXOWLPRGDOWUDQVSRUWV\VWHPVVHWWLQJWKHVFHQH5HYLHZRIOLWHUDWXUHDQGEDVLFFRQFHSWV75$,/6WXGLHVLQ
7UDQVSRUWDWLRQ6FLHQFH6HULHV1R6'HOIW'HOIW8QLYHUVLW\3UHVV
>@)UDQN'	DO0LQGHVWVLHGOXQJVGLFKWHIUGHQg319,QWHUQDWLRQDOHV9HUNHKUVZHVHQ
>@.LUFKKRII3	DO5XIEXVOLQLHQLP/DQGNUHLV(UGLQJ'HU1DKYHUNHKU
>@0D-6FKQHLGHU-%'HVLJQLQJSHUVRQDOUDSLGWUDQVLW357QHWZRUNV-RXUQDORI$GYDQFHG7UDQVSRUWDWLRQ
>@%DDM0+0DKPDVVDQL+6$Q$,%DVHGDSSURDFKIRUWUDQVLWURXWHV\VWHPSODQQLQJDQGGHVLJQ-RXUQDORI$GYDQFHG7UDQVSRUWDWLRQ

>@6KLK0&	DO3ODQQLQJDQGGHVLJQPRGHOIRUWUDQVLWURXWHQHWZRUNVZLWKFRRUGLQDWHGRSHUDWLRQV7UDQVSRUWDWLRQ5HVHDUFK5HFRUG

>@-DQDUWKDQDQ16FKQHLGHU-%'HYHORSPHQWRIDQH[SHUWV\VWHPWRDVVLVWLQWKHLQWHUDFWLYHJUDSKLFWUDQVLWGHVLJQSURFHVV7UDQVSRUWDWLRQ
5HVHDUFK5HFRUG
>@)XUWK3*=RQDOURXWHGHVLJQIRUWUDQVLWFRUULGRUV7UDQVSRUWDWLRQ6FLHQFH
>@;LRQJ<6FKQHLGHU-%3URFHVVLQJRIFRQVWUDLQWVLQWUDQVSRUWDWLRQQHWZRUNGHVLJQSUREOHP-RXUQDORI&RPSXWLQJLQ&LYLO(QJLQHHULQJ

>@6RODQNL56	DO8VLQJGHFRPSRVLWLRQLQODUJHVFDOHQHWZRUNGHVLJQZLWKDTXDVLRSWLPL]DWLRQKHXULVWLF7UDQVSRUWDWLRQ5HVHDUFK%

>@%R\FH'(	DO'HVLJQRIDWROOV\VWHPIRUDFRQJHVWHGLQWHUFLW\URDGQHWZRUNWKH'XWFKURDGSULFLQJV\VWHP3DSHUSUHSDUHGIRUWKH1RUWK
$PHULFDQ0HHWLQJV5HJLRQDO6FLHQFH$VVRFLDWLRQ,QWHUQDWLRQDO%RVWRQ
>@6WHHQEULQN32SWLPL]DWLRQRIWUDQVSRUWQHWZRUNV%ULVWRO(G-RKQ:LOH\	6RQV
>@/H%ODQF/-%R\FH'($ELOHYHOSURJUDPPLQJDOJRULWKPIRUH[DFWVROXWLRQRIWKHQHWZRUNGHVLJQSUREOHPZLWKXVHURSWLPDOIORZV
7UDQVSRUWDWLRQ5HVHDUFK%
>@<DQJ+%HOO0*0RGHOVDQGDOJRULWKPVIRUURDGQHWZRUNGHVLJQDUHYLHZDQGVRPHQHZGHYHORSPHQWV7UDQVSRUW5HYLHZV

>@/R+.7XQJ<.1HWZRUNGHVLJQIRULPSURYLQJWULSWLPHUHOLDELOLW\3DSHUSUHVHQWHGDWWKHWK$QQXDO0HHWLQJRIWKH7UDQVSRUWDWLRQ
5HVHDUFK%RDUG:DVKLQJWRQ7UDQVSRUWDWLRQ5HVHDUFK%RDUG
>@1&+535HSRUW$*XLGHERRNIRU3HUIRUPDQFH%DVHG7UDQVSRUWDWLRQ3ODQQLQJ7UDQVSRUWDWLRQ5HVHDUFK%RDUG:DVKLQJWRQ1DWLRQDO
$FDGHP\3UHVV
>@9DQ1HV5'HVLJQRIPXOWLPRGDOWUDQVSRUWQHWZRUNV$KLHUDUFKLFDODSSURDFK6HWWLQJWKHVFHQH5HYLHZRIOLWHUDWXUHDQGEDVLFFRQFHSWV
75$,/7KHVLV6HULHV7'HOIW'HOIW8QLYHUVLW\3UHVV
>@'HSDUWPHQWRI7UDQVSRUW6WDWLVWLFVDW')7ZZZGIWJRYXNSJUVWDWLVWLFVDFFHVVHGPD\
>@(FR3DVVHQJHU(FRORJLFDO7UDQVSRUW,QIRUPDWLRQ7RRO(QYLURQPHQWDO0HWKRGRORJ\DQG'DWD,QVWLWXWIU(QHUJLHXQG8PZHOWIRUVFKXQJ
+HLGHOEHUJ*PE++HLGHOEHUJ
>@8,&(QHUJ\GDWDEDVHXSGDWHGHQHUJ\VWDWLVWLFV
>@2ODUX'	DO$ERXWD6\VWHPLF$QDO\VLVRI7UDQVSRUW,QIUDVWUXFWXUH'HYHORSPHQWWK,QWHUQDWLRQDO&RQJUHVVRQ&\EHUQHWLFV1DPXU
-HDQ5DPDHNHUV±O¶$VVRFLDWLRQ,QWHUQDWLRQDOHGH&\EHUQHWLTXH
